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Description 

TECHNICAL FIELD 

5 [0001 ] The present invention relates to a process for producing (2R,3S)-3-amino-4-phenylbutane-1 ,2-epoxide (here- 
inafter also referred to as 3-amino-1 ,2-oxirane), which is useful as an intermediate for the production of an HIV protease 
inhibitor. 

BACKGROUND ART 

10 

[0002] The processes so far known for producing said (2R,3S)-3-amino-1 ,2-oxirane comprise starting with L-pheny- 
lalanine, reducing the carboxyl group thereof to an alcohol function, reoxidizing the same to an aldehyde function, and 
thereafter 1) directly causing formation of the epoxide using a dimethylsulfonium methylide (J. Org. Chem., 1985, 50, 
4615; J. Med. Chem., 1992, 35, 2525), 2) converting the aldehyde to the corresponding olefin by the Wittig reaction 

15 and epoxidizing the olefin using m-chloroperbenzoic acid (J. Org. Chem., 1987, 52, 1487; J. Med. Chem. 1992, 35, 
1685), 3) reacting the aldehyde with trimethylsilylmethylmagnesium chloride, converting the resulting trimethylsilylal- 
cohol to the corresponding olefin by treatment with trifluoroboron and, as in the method 2) mentioned above, conducting 
epoxidation using m-chloroperbenzoic acid (EP 0532-466 A2, US 5,514,814) or 4) converting L-phenylalanine to the 
diazoketone form, degradating the same with hydrochloric acid, reducing the resulting a-ketone with NaBH 4 and treat- 

20 ing the resulting chlorohydrin with a base to give the epoxide (J. Med. Chem., 1994, 37, 1758), among others. EP 0 
657 446 A1 discloses a process for producing optically active erythro-3-amino-1 ,2-epoxy compounds via an optically 
active threo-3-amino-2-sulfonyloxy butyrate derivative. 

[0003] Meanwhile, there is no precedent technology for producing (2R,3S)-3-amino-1 ,2-oxirane compounds repre- 
sented by the general formula (8) starting with a (2S,3S)-3-amino-1-chloro-2-hydroxy-4-phenylbutane compound or a 

25 (2S,3S)-3-amino-1 ,2-oxirane compound as in the process of the present invention. 

[0004] Referring to the above known processes, the process 1 ) is disadvantageous in that it is necessary to use the 
sulfur compound in large amounts in the step of epoxide formation, the methods 2) and 3) are disadvantageous in that 
it is necessary to use the peroxide, which is explosive, in large amounts, and the method 4) is disadvantageous in that 
it is necessary to handle the diazo compound, which is also explosive, and, in addition, the selectivity toward the desired 

30 (2R,3S)-chlorohydrin in NaBH 4 reduction is low. Thus, every process comprises a step undesirable from the viewpoint 
of commercial scale practicing. 

SUMMARY OF THE INVENTION 

35 [0005] In view of the problems mentioned above, the present inventors made intensive investigations in an attempt 
to develop a process for producing a (2R, 3S) -3-amino-1,2-oxirane compounds which can be carried out efficiently 
and on a commercial scale and, as a result, succeeded in developing a novel process for production which starts with 
a (2S,3S)-3-amino-1-chloro-2-hydroxy-4-phenylbutane compound or a (2S,3S)-3-amino-1 ,2-oxirane compound and 
involves three steps, namely acyloxylation, sulfonate ester formation and treatment with a base. 

40 [0006] Thus, the present invention relates to a process for producing (2R,3S)-3-amino-4-phenylbutane-1 ,2-epoxide 
compounds represented by the general formula (8): 



45 



50 




(8) 



55 wherein represents an amino-protecting group, 
which comprises 

treating a (2S,3S)-3-amino-1-halo-2-hydroxy-4-phenylbutane compound. represented by the general formula (1) 
or a (2S,3S)-3-amino-4-phenylbutane-1 ,2-epoxide represented by the general formula (2): 



2 



EP 1 029 856 B1 




wherein R 1 is as defined above and X represents a halogen atom, 




wherein R 1 is as defined above, 

with a carboxylic acid quaternary ammonium salt represented by the general formula (3) or a carboxylic acid 
metal salt represented by the general formula (4): 

R 3 R 4 R 5 R 6 N + OCOFV (3) 

wherein R 2 represents an alkyl, aryl or aralkyl group and R 3 , R 4 , R 5 and R 6 may be the same or different and each 
independently represents an alkyl or aralkyl group, 

R 2 COO'M + (4) 

wherein R 2 is as defined above and M represents a metal atom, and a quaternary ammonium salt represented by the 
general formula (5): 

R 3 R 4 R 5 R 6 NV (5) 
wherein R 3 , R 4 , R 5 and R 6 are as defined above and Y represents a halogen atom, 

to give a (2S,3S)-1-acyloxy-3-amino-2-hydroxy-4-phenylbutane compound represented by the general formula (6): 
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HNHf OCORj 
R, OSO2R7 

fnn^r'The c2S 3S)-3-amino-1-halo-2-hydroxy-4-phenylbutane compound can be synthesized, for example, by N- 
£eln^ 

stereoselective reduction ot the haloketone resulting from cha,n extension (Japanese Koka, Publ.cat.on 
08-823756). 

BEST MODES FOR CARRYING OUT THE INVENTION 

,ncludes among each independently represents an alkyl or aralkyl group. The alkyl group includes among others, 
Xl, X^S^K^. hex V hepty. and octyl. The ara.ky, group is, for example, benzyl. Among these, 

* ZL 1 ? oxirane comDound (2) by treatment with the carboxylic acid quaternary ammonium salt (3), for examp e 
feTruUmSm acTta^or w h the carboxylic acid meta, salt (4) and quaternary ammonium salt (5), for examp.e 
SSmlcel^rTcSum acetate, and tetrabutylammonium chloride or tetrabutylammon.um bromide , 

00 2^ Thltlvenuo be used in the above step is not particularly restricted but includes, a = othe^, acetone, 
aVetolitrile N,N-dimethylformamide, dimethyl sulfoxide, tetrahydrofuran, dioxane and toluene. Among them, acetone, 
acetonitrile and N,N-dimethylformamide are preferred. mn ,„ Dref . 
m 31 The carboxylic acid quaternary ammonium salt (3) is used generally in an amount of 1.0 to 2.0 moles pref 
eraS 1 mote per mole of the compound (1) or (2). The carboxylic acid meta. salt (4) and <M^«-™um 
sat Sareused generally in a molar ratio of (1) or (2)/carboxylic acid metal salt/quaternary ammonium salt =1.0 mole/ 

1 n krs * n mniPQ/n to 2 0 moles preferably 1 .0 mole/2.0 moles/0.05 mole. 
00 41 Therein 

E ^tolL^ preferably about 10 to 12 hours, although it may vary depending on the reaction tern- 
raoTsT After the reaction the (2S,3S)-1-acyloxy-3-amino-2-hydroxy-4-phenylbutane compound (6) formed can be 

• ^ «* - et ^ aceta,e and can be ,urther puri,ied by such tec ques as 
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chromatography and/or recrystallization. 

[001 6] The sulfonic acid esterification of the (2S,3S)-1 -acyloxy-3-amino-2-hydroxy-4-phenylbutane compound (6) is 
carried out in the presence of an organic base by using 1 .0 to 3 moles of a sulfonic acid halide per mole of the compound 
(6). The sulfonic acid halide includes, among others, sulfonyl chlorides, specifically methanesulfonyl chloride, tolue- 

5 nesulfonyl chloride and the like. As the organic base, there may be mentioned tertiary-amines, specifically pyridine, 
triethylamine, tripropylamine, methyldiisopropylamine, ethyldiisopropylamine, N,N-dimethylaniline and the like. Among 
them, pyridine and triethylamine are preferred. Any solvent not inhibiting the reaction may be used without any particular 
restriction. Thus, for example, toluene, acetone, acetonitrile, tetrahydrofuran, N,N-dimethylformamide, methylene chlo- 
ride and chloroform may be mentioned. The organic base mentioned above may be used singly as such. 

io [0017] The base is used generally in an amount of 1.0 to 50 moles per mole of the compound (6). The reaction 
temperature is generally 0°C to 60°C, preferably 0°C to 25°C. The reaction time is generally 1 to 48 hours, desirably 
about 20 to 48 hours, although it may vary depending on the amounts of the sulfonic acid halide and base used. 
[0018] The thus-formed sulfonate ester (7) can be recovered by neutralizing the base by addition of a mineral acid 
such as hydrochloric acid, followed by extraction with an organic solvent such as ethyl acetate. It can be further purified 

15 by such techniques as column chromatography and/or recrystallization. 

[0019] The epoxidation step is conducted in the presence of an inorganic base. Useful as the inorganic base are, 
for example, sodium carbonate, potassium carbonate, sodium hydrogencarbonate, potassium hydrogencarbonate, 
sodium acetate and potassium acetate. Potassium carbonate is preferred, however. The inorganic base is used gen- 
erally in an amount of 0.05 to 5.0 moles, preferably 0.5 to 2.0 moles, per mole of the compound (7). Usable as the 

20 solvent are methanol plus an organic solvent such as toluene, tetrahydrofuran, diethyl ether, dioxane or t-butyl methyl 
ether. Methanol may be used alone. A mixed solvent composed of methanol and THF (1:1 by volume) is preferred. 
The reaction temperature is generally 0°C to 60°C, preferably 25°C to 30°C. The reaction time is generally 1 to 24 
hours, preferably 6 to 12 hours. 

25 EXAMPLES 

[0020] The following examples illustrate the present invention in further detail. They are, however, by no means 
limitative of the scope of the invention. 

30 Example 1 (2S, 3S)-1-Acetoxy-3-(t-butoxycarbonylamino)-2-hydroxy-4-phenylbutane 

[0021] A mixture composed of 2.0 mmol (0.599 g) of (2S,3S)-3-(t-butoxycarbonylamino)-1 -chloro-2-hydroxy-4-phe- 
nylbutane, 2.4 mmol (0.724 g) of tetrabutylammonium acetate and 10 ml of acetonitrile was stirred under reflux for 18 
hours. Thereafter, the solvent was distilled off under reduced pressure, 20 ml of water and 20 ml of ethyl acetate were 
35 added, and the organic layer was separated, dried over sodium sulfate, filtered and concentrated under reduced pres- 
sure to give a crude product. This was dissolved in 10 ml of methanol with heating and the solution was cooled and 
allowed to stand. The resulting crystalline precipitate was collected by filtration, whereupon 0.449 g (70%) of the title 
compound was obtained. 

40 1H-NMR (400 MHz, CDCI 3 ) 8 1. 37 (s, 9H) , 2.11 (s, 3H) , 2.84-2.97 (m, 2H), 3.36 (br, 1H), 3.88-3.91 (m, 2H), 4.12 
(dd, 1H, J = 11.7 Hz, 3. 2 Hz) , 4.59-4.76 (m, 1H), 7.20-7.32 (m, 5H). 
1 3C-NMR (100 MHz, CDCI 3 ) 5 20.92, 28.23, 36.01, 54.24, 66.24, 71.87, 80.01, 126.63, 128.57, 129.39, 137.42, 
156.11, 171.34. 

45 Example 2 (2S,3S)-1-Acetoxy-3-(t-butoxycarbonylamino)-2-hydroxy-4-phenylbutane 

[0022] A mixture composed of 2.0 mmol (0.524 g) of (2S,3S)-3-(t-butoxycarbonylamino)-4-phenylbutane-1 ,2-epox- 
ide, 2.4 mmol (0.724 g) of tetrabutylammonium acetate, 4.0 mmol (0.24 g) of acetic acid and 10 ml of acetonitrile was 
stirred under reflux for 18 hours. Thereafter, the solvent was distilled off under reduced pressure, 20 ml of water and 
so 20 ml of ethyl acetate were added, and the organic layer was separated, dried over sodium sulfate, filtered and con- 
centrated under reduced pressure to give a crude product. Purification by silica gel column chromatography gave 0.41 5 
g (64%) of the title compound. 

Example 3 (2S,3S)-1-Acetoxy-3-(t-butoxycarbonylamino)-2-hydroxy-4-phenylbutane 

55 ~ ~ ' 

[0023] A mixture composed of 2.0 mmol (0.599 g) of (2S,3S)-3-(t-butoxycarbonylamino)-1 -chloro-2-hydroxy-4-phe- 
nylbutane, 0.1 mmol (0.032 g) of tetrabutylammonium bromide, 5.0 mmol (0.49 g) of potassium acetate and 10 ml of 
acetonitrile was stirred under reflux for 50 hours. Thereafter, the solvent was distilled off under reduced pressure, 20 
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* d wa,er and 20 * 0, ==.* added and ». «£* gr- '^£Z£S£5S, 
of the title compound. 

5 Exam p le 1 (2S o Ch i-^^vY-^ (»-butoxvcarb^ Ylami n n V2.rne t hanesi l lfonvloxv-4-phen Y lbutane 
M * — composedof1,4^^ 

nylbutane, 24.8 mmol (2.48 g) of methanesulfonyl ^"^"'^^3^ with three 30-ml portions of 10% 
10 hours. Thereafter, 30 ml of ethyl acetate was added, the organic layer ^ washed w tn t j 

hydrochioric acid and finaily with 30 m, of ^^^^KtoTSS^S mitre was a.lowed to 

^T^^X^^- ™ - — 490 9 (98%) of the tit,e 

compound. 

.3C.NMR (100MHz, C0CW . 20.75. »«. 35.05. «.«. «*. «* ~« 126 ,29 '°' 
20 136.55,155.221,170.27. 

Example 5 ( 2R.3SV3-(t-Buto x Y carbonvlami n o-4-phenvlbutane 1 ,2-epoxide 

M A m MU ,n corned d, , .0 mn,o, ,0.40, „ ». WW-J^SSS^^ 
!onvto»y-4-l»»"y"»<'»™- 2 2 m ™" (0 3 " 9> °' P ?T h „T,™t» ,0 ml «T.Le added for axt.actlon ol the 

nylamino)-4-phenylbutane 1 ,2-oxirane. 

(400 MHz, CDCI3) 5 1.38 (s, 9H), 2.76-2.81 (m,2H), 2.83-2.99 (m, 3H), 3.76 (br s, 1H), 4.45 (br, 1H), 
SS'SiSSS 8 28.26, 37.58, 46.91, 53.03, 53.20, 80.03, 126.68, 128.55, 129.46, 136.69, 155.21. 



25 
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1 H-NMR 
13C-NMR 
35 INDUSTRIAL APPLICABILITY 
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ficiently via three steps from the (2S,3S)-3-amino 1 haio ^ nyaro y v > d f L -phenylalanine. Thus, in 

Claims 

1. A process for producing ( 2B,3S)-3-amino-4-pheny.butane-1,2-epoxide compounds represented by the genera, 
formula (8): 



50 



55 




(8) 
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wherein R 1 represents an amino-protecting group, which comprises 

treating a (2S,3S)-3-amino-1-halo-2-hydroxy-4-phenylbutane compound represented by the general formula 
(1) or a (2S,3S)-3-amino-4-phenylbutane-1,2-epoxide represented by the general formula (2): 




wherein R } is as defined above and X represents a halogen atom, 




wherein R 1 is as defined above, 

with a carboxylic acid quaternary ammonium salt represented by the general formula (3) or a carboxylic acid 
metal salt represented by the general formula (4): 

R 3 R 4 R 5 R 6 N + OCOR 2 ' (3) 

wherein R 2 represents an alkyl, aryl or aralkyl group and R 3 , R 4 , R 5 and R 6 may be the same or different and each 
independently represents an alkyl or aralkyl group, 

R 2 COO"M + (4) 

wherein R 2 is as defined above and M represents a metal atom, and a quaternary ammonium salt represented by 
the general formula (5): 

R 3 R 4 R 5 R 6 N + Y- (5) 
wherein R 3 , R 4 , R 5 and R 6 are as defined above and Y represents a halogen atom, 

to give a (2S,3S)-1 -acyloxy-3-amino-2-hydroxy-4-phenylbutane compound represented by the general formula (6): 
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(6> 



OCOR2 



(7): 




HN 1 0C0R 2 
R, OS0 2 R 7 

ganic base. 

3. The process for producing according to Claim t, DOtassium aceta te or sodium acetate and 

X is a chlorine atom. 



Patentanspriiche 

(8): 
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wobei R 1 eine Aminoschutzgruppe darstellt, 
welches umfasst: 

Behandeln einer (2S,3S)-3-Amino-1-halo-2-hydroxy-4-phenylbutan-Verbindung der allgemeinen Formel (1) Oder 
eines (2S,3S)-3-Amino-4-phenylbutan-1,2-Epoxids der allgemeinen Formel (2) 



a <„ 

hnV^x 



Ri OH 



wobei wie vorstehend definiert ist und X ein Halogenatom darstellt, 



t 

Ri 



30 



wobei R 1 wie vorstehend definiert ist, 

mit einem quaternaren Ammoniumsalz einer Carbonsaure der allgemeinen Formel (3) Oder einem Carbonsaure- 
metallsalz der allgemeinen Formel (4): 



R 3 R 4 R 5 R 6 N + OCOR 2 " 



(3) 



35 



wobei R 2 einen Alkyl-, Aryl- oder Aralkylrest darstellt und R 3 , R 4 , R 5 und R 6 gleich Oder verschieden sein konnen 
und jeweils unabhangig einen Alkyl- oder Aralkylrest darstellen, 



40 



R 2 COO'M + 



(4) 



wobei R 2 wie vorstehend definiert ist und M ein Metallatom darstellt, und einem quaternaren Ammoniumsalz der 
allgemeinen Formel (5): 



45 



R 3 R 4 R 5 R 6 N + Y* 



(5) 



50 
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wobei R 3 , R 4 , R 5 und R 6 wie vorstehend definiert sind und Y ein Halogenatom darstellt, urn eine (2S,3S)-1 -Acyloxy- 
3-amino-2-hydroxy-4-phenylbutan-Verbindung der allgemeinen Formel (6) zu ergeben: 



K\ oh 



(6) 
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wobei Ri und Ro wie vorstehend deliniert sind, Weiterbehandeln der (2S,3S)-1 -Acyloxy-3-amino-2-hydroxy-4-phe- 
nylbutan-Verbindung mit einem Sulfonsaurehalogenid in Gegenwart einer organischen Base, urn e.ne (2S.3S)- 
1-Acyloxy-3-amino-2-sulfonyloxy-4-phenylbutan-Verbindung der allgemeinen Formel (7) zu ergeben: 




OCOR 2 
0 2 R7 



wobei R, und R 2 wie vorstehend definiert sind und R 7 einen Alkyl-, Aryl- oder Aralkylrest darstellt, 
Weiterbehandeln der (2S,3S)-1 -Acyloxy-3-amino-2-sulfonyloxy-4-phenylbutan-Verbindung mit einer anorgan.- 

schen Base. 

2. Herstellungsverfahren nach Anspruch 1 , wobei die Verbindung der allgemeinen Formel (3) Tetrabutylammoniu- 
macetat ist. 

3. Herstellungsverfahren nach Anspruch 1, wobei die Verbindung der allgemeinen Formel (4) Kaliumacetat oder 

Natriumacetat ist, und .... 
die Verbindung der allgemeinen Formel (5) Tetrabutylammoniumchlorid oder Tetrabutylammoniumbromid ist. 

4. Herstellungsverfahren nach einem der Anspruche 1 , 2 und 3, wobei Rf ein t-Butoxycarbonylrest oder ein Benzy- 
loxycarbonylrest ist, und 

X ein Chloratom darstellt. 

5. Herstellungsverfahren nach einem der Anspruche 1 , 2, 3 und 4, 

wobei das Sulfonsaurehalogenid Methansulfonylchlorid oder Toluolsulfonylchlorid ist. 



Revendications 

1. Procede pour la production de composes du (2R,3S)-3-amino-4-phenylbutane-1 I 2-epoxyde represents par la 
formule generale (8) : 




ou Fti represente un groupe protecteur d'amino, 

qui comprend . , . . 

le traitement d'un compose de (2S,3S)-3-amino-1-halogeno-2-hydroxy-4-phenylbutane represente par la for- 
mule generale (1) ou du (2S,3S)-3-amino-4-phenylbutane-1 ,2-epoxyde represente par la formule generale (2) : 
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ou est tel que defini ci-dessus et X represente un atome d'halogene, 




ou est tel que defini ci-dessus, 

avec un sel d'ammonium quaternaire d'un acide carboxylique represente par la formule generate (3) ou un 
sel de metal d'un acide carboxylique represente par la formule generate (4) : 

R 3 R 4 R 5 R 6 N + OCOR 2 ' (3) 

ou R 2 represente un groupe alkyle, aryle ou aralkyle et R 3 , R 4 , R 5 et R 6 peuvent etre identiques ou differents et 
chacun represente de fa$on independante un groupe alkyle ou aralkyle, 

R 2 COO"M + (4) 

ou R 2 est tel que defini ci-dessus et M represente un atome metallique, et un sel d'ammonium quaternaire repre- 
sente par la formule generale (5) : 

R 3 R 4 R 5 R 6 NV (5) 

ou R 3 , R 4 , R 5 et R 6 sont tels que definis ci-dessus et Y represente un atome d'halogene, 
pour obtenir un compose de (2S,3S)-1-acyloxy-3-amino-2-hydroxy-4-phenylbutane represente par la formule ge- 
nerale (6) 




ou R 1 et R 2 sont tels que definis ci-dessus, 

puis le traitement dudit compose de (2S,3S)-1-acyloxy-3-amino-2-hydroxy-4-phenylbutane par un haloge- 
nure d'acide sulfonique en presence d'une base organique, 

pour obtenir un compose de (2S,3S)-1-acyloxy-3-amino-2-sulfonyloxy-4-phenylbutane represente par la formule 
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generale (7) : 



Ok & 

HN"V^ 0C0R 2 
R| OS0 2 R 7 



ou R, et R 2 sont tels que definis ci-dessus, et R 7 represente un groupe alkyle, aryle ou aralkyle, 

puis le traitement dudit compose de (2S,3S)-1-acyloxy-3-amino-2-sulfonyloxy-4-phenylbutane par une base 

minerale. 

2. Precede de production selon la revendication 1 , dans lequel le compose de formule generale (3) est I'acetate de 
tetrabutylammonium. 

3 Procede de production selon la revendication 1 , dans lequel le compose de formule generale (4) est I'acetate de 
potassium ou I'acetate de sodium et le compose de formule generale (5) est le chlorure de tetrabutylammonium 
ou le bromure de tetrabutylammonium. 

4. Procede de production selon I'une quelconque des revendications 1 , 2 et 3, dans lequel R 1 est un groupe t-bu- 
toxycarbonyle ou un groupe benzyloxycarbonyle et X est un atome de chlore. 

5. Procede de production selon I'une quelconque des revendications 1 , 2, 3 et 4, dans lequel I'halogenure d'acide 
sulfonique est le chlorure de methanesulfonyle ou le chlorure de toluenesulfonyle. 
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